esp@cenet - Document Bibliography and Abstract 



Page 1 of 1 



Devices and systems based on novel superconducting material. 



Patent Number: 

Publication date: 

Inventor(s): 

Applicant(s):: 

Requested 
Patent: 

Application 
Number: 

Priority Number 

(s): 

IPC 

Classification: 
EC Classification: 
Equivalents: 



EP0332291 
1989-09-13 

CAVA ROBERT JOSEPH; SUNSHINE STEVEN ARTHUR 
AMERICAN TELEPHONE & TELEGRAPH (US) 

r EPQ332291 . Bi 
E P 1 989030 1 056 1 9890203 

US1 98801 55330 19880212; US1 98801 60799 19880226 

H01 L39/12; H01L39/24 

H01 L39/12C2 . C04B35/45L . C04B35/45L2 

AU2963189, CA1 334620, DE68908215D, DE68908215T, DK61889, ES2042993T, F JP1 0081518 , 
r JP1242421, JP2859602B2, JP507761 1 B t KR9205518, T US4880771 

Abstract 



Novel superconductive oxides are disclosed. The oxides all have layered perovskite-like crystal structure and manifest 
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© Devices and systems based on novel superconducting material. 



© Novel superconductive oxides are disclosed. 
The oxides all have layered perovskite-like crystal 
structure and manifest superconductivity above 
about 77K. An exemplary material has composition 
Bi 2 ^Sr 2 Cao.8Cu2 08. Inventive materials are de- 
scribed by the nominal formula Xs + yM^C^Osta or 
by Xz+JAj^Cu^Qz+zn + ^S* where X typically is 8i, 
or Bi together with Pb or other appropriate substitu- 
ent, M is one or more divalent ion or mixture of 
monovalent and trivalent ion, n is an integer greater 
^than 3, O s y < 0.3, x = p/q, where p and q are 
integers and p<q, and Osfi s 0.5, Associated with 
Qjthe inventive compounds typically Is a superlattice 
structure, with T c of the compound typically being 
^correlated with the superlattice spacing. The inven- 
ff)tive compounds are typically relatively ductile, In 
CO some preferred embodiments X is Bi and Pb, M is 
QSr and Ca, and Pb/Bi ratio is between 0.2 and 0.5, 
and the Sr/Ca ratio is between 0.5 and 2. 
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DEVICES AND SYSTEMS BASED ON NOVEL SUPERCONDUCTING MATERIAL 



Field of the Invention 

This invention pertains to oxide superconduc- 
tors. 



Background of the Invention 



From the discovery of superconductivity in 
1911 to the recent past, essentially all known 
superconducting materials were elemental metals 
(e.g., Hg, the first known superconductor) or metal 
alloys or intermetallic compounds(e.g., Nb3Ge, 
probably the material with the highest transition 
temperature T c known prior to 1986). 

Recently, superconductivity was discovered in 
a new class of materials, namely, metal oxides. 
This discovery stimulated worldwide research activ- 
ity, which very quickly resulted in further significant 
progress. The progress has resulted, inter alia, to 
date in the discovery that compositions in the Y- 
Ba-Cu-0 system can have superconductive transi- 
tion temperatures T c above 77K, the boiling tem- 
perature of liquid N2. Furthermore, it has resulted 
in the identification of the material phase that is 
responsible for the observed high temperature 
superconductivity, and in the discovery of composi- 
tions and processing techniques that result in the 
formation of bulk samples of material that can be 
substantially single phase material and can have T c 
above 90K. 

The discovery of high T c superconductivity in 
some mixed copper oxides also stimulated a 
search for compounds exhibiting still higher T c . 
Despite numerous reports of observation of T c 
above 100K (even above room temperature) in 
YBa?Cu307 and related compounds, up until re- 
cently no stable superconductors with T c higher 
that YBasCuaO? have been reported. Thus wire 
service and newspaper reports that groups in the 
USA and in Japan have discovered stable high T c 
superconductivity in samples containing Bi, Al, Sr, 
Ca, Cu, and oxygen, and Bi, Sr, Ca, Cu, and 
oxygen, respectively, were received with consider- 
able interest. 

it soon became apparent that the Bi-Sr-Ca-Cu 
oxide samples were multiphase material and fre- 
quently contained three superconducting phases, 
having T c near 120, 105. and 80K, respectively. 
Although the existence of these phases was recog- 
nized, their compositions and structures remained 
unknown. 

The importance of having available a supercon- 
ductor with still higher T c than the 1-2-3 compound 
is probably evident to everyone skilled in the art. 



Furthermore, the newly discovered materials con- 
tain only relatively common and inexpensive ele- 
ments. Thus there is strong economic interest in 
the development of these materials. Finally, the 

5 prior art high T c superconductors have properties 
that are obstacles to their technological use. For 
instance, the prior art materials are relatively brittle, 
both in single crystal form and in the form of 
sintered bodies. 

70 For a general overview of some potential ap- 
plications of superconductors see, for instance, B. 
B. Schwartz and S. Foner. editors, Superconductor 
Applications: SQUIDS and MACHINES . Plenum 
Press 1977; and S. Foner and B. B. Schwartz, 

15 • editors, Superconductor Material Science, Metal- 
lur 9 v * Fabrications, and Applications , Plenum Press 
1981. Among the applications are power transmis- 
sion lines, rotating machinery, and superconductive 
magnets for e.g., fusion generators. MHD gener- 

20 ators, particle accelerators, levitated vehicles, mag- 
netic separation, and energy storage, as well as 
junction devices and detectors. It is expected that 
many of the above and other applications of super- 
conductivity would materially benefit if high T c 

25 superconductive material could be used instead of 
the previously considered relatively low T c materi- 
als. In particular, it is expected that superconduc- 
tors according to the invention can advantageously 
be used in these and/or other applications, in a 

30 manner similar to that proposed for the prior art 
high T c superconductors. 

Summary of the Invention 

35 

We have identified the composition and struc- 
ture of the compounds that are responsible for the 
observed high T c superconductivity in the previous- 
ly referred to novel materials and have discovered 

40 principles that suggest related compounds that are 
currently expected to have advantageous proper- 
ties, including high T c . At least some of the inven- 
tive compounds are relatively ductile. This unex- 
pected property of these inventive compounds is 

45 believed to have significant advantageous implica- 
tions for the technological utilization of the new 
materials. This application thus discloses novel ox- 
ide superconductor compositions that potentially 
have improved properties. 

50 We have identified the structure and composi- 

tion of the phase that shows bulk superconductivity 
at about 84K. The composition of an exemplary 
crystal is Bh^S^CaoeCuaOe-a. where B is a small 
number, typically between 0-.5. The structure of 
the exemplary crystal can be resolved rrr terms of 
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an orthorhombic subcell of dimension 5.414 x 
5.418 x 30.89 A. A prominent feature of the struc- 
ture are Bi-0 double layers (parallel to the basal 
plane), with CuCVplanes located between the Bi-0 
planes. An usual feature of the structure of the 
exemplary crystal is the existence of an incommen- 
surate superlattice (-4.76 x b). We have discovered 
that the superlattice spacing can be affected by 
composition and/or processing conditions. This ob- 
servation is considered to be significant, and the 
superlattice is likely to be intimately related to the 
superconductivity of the sample. 

In greater generality the inventive material is 
nominally of perovskite structure, of nominal com- 
position X 2 . z M 2 . e Gu20 8 i5, where X is Bi or Bi and 
Pb, M is a divalent ion, mixture of divalent ions, or 
combination of monovalent and trivalent ions such 
that the average valence of M is substantially equal 
to 2, and 5 is a small number, typically O s 5 < .5. 
This material will herein be referred to as the 
"80K" material. An important constraint on allowa- 
ble compositions, especially on M, is the require- 
ment that the inventive material manifest high T c 
superconductivity, typically T(>77K. In preferred 
embodiments M is Ca, Sr, Ba, Mg. Cd, Na, K, Y, or 
mixtures thereof. 

We have also discovered that partial substitu- 
tion of Bi by Pb in the 80K material can have 
advantageous results, especially in terms of in- 
creased T c . Compositions having nominal formula 
X 2+l( M 3 . x Cu2 08±6 have been found to have particu- 
larly advantageous properties, including a strong 
Meissner effect at relatively high temperatures, and 
a relatively high T c (R = o). In the above nominal 
formula X is Bi and Pb, M is Sr and Ca, and 05 x 
< 0.3. In some currently preferred embodiments x 
is about zero, the Pb/Bi ratio is greater than 0.2, 
but less than about 0.5, and the Sr/Cu ratio is 
typically between about 0.5 and 2, with 1 £ 0.25 
being currently preferred. Substantial lead substitu- 
tion for Bi thus appears to lead to improved high T c 
superconductive material, and this discovery is 
considered to be potentially of considerable signifi- 
cance. The above limits have been found to be 
valid under processing conditions as described in 
Example 5, but it is considered possible that com- 
positions outside these limits may also have some 
utility. For instance, we have found indications of 
high T c superconductivity in a sample produced 
from Bi-free powder that contained Pb, Y, Sr and 
Cu. 

Based on the results of our investigations we 
conclude that there exist phases of the Bi- Sr-Ca- 
Cu oxide system that are likely to have advanta- 
geous properties. In particular, we believe that all 
(or at least some) of these phases are likely to be 
stable high T c superconductors, with TcS likely to 
be above 100K. 



The novel phases all have a crystal structure 
that is closely related to that of the above de- 
scribed 80K compound and thus are perovskite- 
like. They differ from each other essentially only in 
5 the number of crystal planes between the two Bi-0 
double planes that bound the unit cell in the c- 
direction, or by the size of the supercell. The 
composition of the novel phases can be expressed 
by means of the nominal formula 

10 X 2 + x M (n . K )Cu (n . 1 )02*2x-x^±6. 

wherein n is an integer greater than 3, x is p/q (p 
and q are positive integers, with p<q), and 0 £ 5 £ 
.5. X and M are selected in the same way as for 
the 80 K compound. The integer n defines the nunv 

15 ber of M planes and Cu-planes that are present 
between a pair of Bi-0 double planes. We expect 
that typically n is at most 8, and more likely 4, 5, or 
6. The nominal value of x is related to the presence 
of a superlattice in which Bi occupies M-sites. 

20 Exemplary nominal values of x are 1/10, 1/5, 1/4, 
2/5. 

Materials according to the invention can be 
produced by a process that closely resembles the 
known process for producing powder of the 

25 YBa 2 Cus07. One significant difference is related to 
the observed stability of the inventive material with 
regard to oxygen loss at sintering temperatures. 
Due to the greater stability of the inventive materi- 
als it will frequently not be necessary to subject the 

30 crystallized (and/or sintered) material to an oxygen- 
ation treatment. This clearly has significant implica- 
tions for the fabrication of clad superconductive 
bodies, e.g., normal metal-clad superconductive 
wire and tape. 

35 We have also made the unexpected discovery 

that superconductive bodies produced from our 
84K materia! were relatively ductile, in contradis- 
tinction to the prior art high T c superconductors, 
which are all relatively brittle. We expect, based on 

40 similarity of crystal structure, that the other inven- 
tive phases will result in similarly relatively ductile 
material. Thus, a body (e.g., a wire) made from the 
inventive material will be able to withstand more 
severe deformations (e.g., bending) than a similarly 

45 configured prior art high T c superconductor body is 
able to withstand without significant detrimental ef- 
fect on its current-carrying ability and/or other 
properties. 

50 

Brief Description of the Drawings 

FIG. 1 shows data on resistivity and mag- 
netization of a sample of material according to the 
56 invention (80K phase); 

FIG. 2 shows X-ray scattering intensities; 

FIG. 3 schematically depicts the nominal 
crystal structure of the 80K phase; 
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FIG. 4 shows data on the Meissner effect in 
two samples of material according to the invention; 

FIGS. 5-10 schematically depict exemplary 
articles of manufacture which can advantageously 
comprise superconductive elements according to 
the invention; and 

FIGS. 11 and 12 show the resistivity vs. 
temperature and magnetization vs. temperature, re- 
spectively, for an exemplary Pb-substituted ma- 
terial according to the invention. 



Detailed Description 

FIG. 1 presents the temperature dependent 
resistivity and magnetization for single crystals of 
Bis^S^CacsCuzOs. Resistivity was measured in 
the a-b plane on a single crystal in the van der 
Pauw-Price configuration which geometrically aver- 
ages anisctropy in the plane. The room tempera- 
ture resistivity is 130ixn-cm, and decreases linearly 
with temperature as in the other two classes of 
copper oxide-based superconducting materials. 
The resistivity is substantially lower than for 
Ba 2 YCu^0 7 . The current density used for the mea- 
surement was approximately 200 Acm -2 . The tran- 
sition from the superconducting to normal state 
begins at 84K and is roughly 90% complete at 
90K. The gradual curvature above 90K is tenta- 
tively ascribed to fluctuation conductivity. The dc 
magnetization, measured on a single crystal in a 
SQUID magnetometer), is shown in the inset to the 
figure. The samples were slowly cooled in a field of 
18 Oe (about 1.44 Am) applied parallel to the 
planes with the data taken during warm-up. The 
signal corresponds to 70% of the value expected 
for a full Meissner effect, thus confirming bulk 
superconductivity with a T c of 84K. 

The unit cell of the above material was deter- 
mined to be orthorhombic, with lattice parameters 
cf 5.414 x 5.418 x 30.89 A and pseudosymmetry 
!mmm. Scans (with resolution of 0.04 A" 1 full width 
at half maximum) along each of the principal direc- 
tions of the crystal shown in FIG. 2 indicate a 
prominent superlattice along [OkO], giving five-fold 
increase of the unit cell in that direction. The ab- 
sence of extra peaks along [hOO] shows that there 
is little (a,b) twinning associated with the superlat- 
tice. The superlattice peaks are instrumental ly nar- 
row along [OkO], with an intensity that is generally 
less than 10% of the subcell peak intensity. The 
structure < without the superlattice) is illustrated in 
FIG. 3. wherein symbol 10 indicates an oxygen 
atom, 11 a Bi atom, 12 a Cu atom, 13 a Sr atom, 
and 14 a Ca atom. The structure as shown has an 
ideal formula of Bi2Sr2CaCu20g and is closely re- 
lated to the Aurivillius phases. Each of the cations 
in the idealized cell is on a distinct crystaliographic 



site. However, it is clear that there is greater elec- 
tron density on the Ca site. The most striking 
feature of the structure is the presence of infinite 
[Cu02]°° planes separated by Ca, reminiscent of 

5 the same way that the planes of Ba 2 YCu3 07 are 
separated by Y. A unique feature distinguishes the 
observed Bi layers from those in the Aurivillius 
phases; in this phase they form a double layer of 
edge-shared octahedra rather than infinite [Bi2 02> 

70 2 layers. The edge-shared bismuth layers may be 
thought of as arising by occupation by Bi of some 
of the Ti sites in the Aurivillius-type BiiTiaOu 
structure. The Bi bonding and total geometry is 
highly unusual. The Bi coordination is basically 

75 octahedral, with 6 nearly equal distances to oxy- 
gen, at 2.4 A. Additionally, an oxygen layer is 
vacant, allowing collapse of the [Bi202] layers. 

The ideal formula from the crystaliographic 
subcell of Bi 2 CaSr 2 Cu208 requires Cu 2 * and Bi 3 * 

20 for the formal valence of the variable oxidation 
state ions. However, based on the observed metal- 
lic conductivity and superconductivity we postulate 
that either Bi:Sr:Ca is variable or that the superlat- 
tice is responsible for the oxidation. The composi- 

25 tion determined by microanalysis is typically slight- 
ly different from the ideal, and we have observed 
some variations in composition from grain to grain 
in ceramic preparations. However, formal oxidation 
of the sample requires either an increased alkaline 

so earth to Bi ratio or increased oxygen content. By 
thermogravimetry we have noted only very weak 
oxygen stoichiometry variations on heating poly- 
crystalline material to 800 ' C in oxygen gas, with 
little effect on T c . The oxygen stoichiometry mea- 

35 sured by H 2 reduction on a single phase ceramic 
sample gave Bi 2 .2Srt 7 Cai.tCu20 8 ,2, formally giving 
Cu 2 - 1 * . The atomic arrangement of the superlattice 
is not yet known in detail, but there is clear indica- 
tion that additional electron density is present on 

40 the Ca site and possibly at the vacant oxygen sites 
in that layer. Thus the superlattice is likely to be 
due to the presence and ordering of Sr or Bi on the 
Ca site, with oxygen incorporation to complete its 
coordination sphere. The electron density at the Ca 

45 site is approximately 34 electrons which corre- 
sponds to a * 4:1 ratio of Ca to Bi and correlates 
with the superlattice along b. The superlattice ob- 
served in the exemplary sample is close to a 5x 
superlattice, but is clearly different. Extensive edge 

so sharing as found in the bismuth layer causes con- 
siderable strain and is generally relieved by buck- 
ling. The super cell may be caused by such strain. 
The anisotropic temperature parameter of Bi shows 
an anomalously large component along b indicating 

55 possible distortions. The copper-oxygen coordina- 
tion polyhedron is a square pyramid of similar 
geometry to that found in Ba 2 YCu307 but with an 
important difference in the bond length of Cu to the 
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apical oxygen. The inplane Cu-0 distances in 
Bi 2 Sr2CaCu208 are 1.875 A, and the apical oxygen 
is at 2.05 A, considerably shorter than that for 
either Ba 2 YCu 3 0 7 (2.3 A) or (La Sr) 2 Cu04 (2.4 A). 
This can be expected to considerably influence the 
charge distribution in the Cu-0 planes, the shorter 
bond distance likely being due to the weakly elec- 
tropositive character of Bi when compared to the 
rare earth or alkaline earth atoms which share the 
apical oxygen with Cu in the 40K and 90K structure 
types. 

The Bi coordination geometry is highly un- 
usual. Although small displacive distortions may 
well be present (awaiting determination of the full 
supercell structure), the Bi coordination is basically 
octahedral, with 6 nearly equal distances to oxy- 
gen, at 2.4 A. This coordination is distinctly dif- 
ferent from that of the Aurivillius phases, where the 
influence of a lone-pair is apparent. The total ge- 
ometry is that of a highly covalently bonded Bi-0 
layer, evidenced by the extensive edge sharing. 
The Bi-0 double layer is related to but different 
from that of the AuriviHius phases. 

Substitution of Bi with lead in the 84K phase 
have yielded considerable improvement in T c . FIG. 
4 shows magnetization data for a multiphase lead 
substituted sample that shows a » 10% Meissner 
effect with a T c of 107K. 

FIG. 11 shows resistivity vs. temperature for 
exemplary Pb-substituted material according to the 
inventive (Bi 1 . 6 PbQ.4Srt. 5 Cai^Cu208±5) that exhibits 
advantageously high T c (R = o) of 97K, and FIG. 12 
shows magnetization vs. temperature for the ma- 
terial. 

We have found that the structure of the 80K 
compound can be modified, in accordance with the 
general nominal formula Xa+xM^xjCu^.i). 
0 2+2n +)tf2±5. The modifications result in added lay- 
ers of M and Cu between the Bi-0 double layers 
and are expected to result in one or more phases 
of stable high T c superconductive material. 

All of the inventive phases have layered 
perovskite-like crystal structure, and the existence 
of relatively weak bonding between at least some 
layers may be the cause of the observed relatively 
high ductility of the inventive materials. It will be 
appreciated that by "perovskite-like" we mean not 
only the prototypical, truly cubic structure, but very 
significantly distortions therefrom. 

Material specification in accordance with the 
invention depends upon the nature of the intended 
use. For power transmission, or any other current- 
carrying application, It is required that there be a 
continuous superconducting path. For detector and 
other device use (e.g., Josephson junction devices) 
in which tunneling might be permitted or even 
required, it is necessary only that there be suffi- 
cient superconducting phase to satisfy such use. 



For many purposes, it is an advantage of the 
invention that fabrication of superconducting ele- 
ments may utilize standard ceramic processing. 
Appropriate starting materials are mixtures of 

5 metallic oxides, hydroxides, carbonates, hydrates, 
oxalates or other reactive precursors in the appro- 
priate ratio to obtain the desired final composition. 
Starting material may be produced by wet or dry 
mixing, by co-precipitation of materials from solu- 

w tion, or by any other method which results in 
intimate mixture of reactive particles. 

Mixtures of starting materials can be fired in 
air, oxygen or other non-reducing ambient at tem- 
peratures sufficient to facilitate chemical reaction 

15 between constituents and to begin formation of the 
desired phase. Firing temperatures as noted are 
composition-dependent so that choice of tempera- 
ture may radically affect T c for certain composi- 
tions. Typically, temperatures are between approxi- 

20 mately 700 and 950* C for times of between a few 
hours and several days until the desired phase is 
either fully or partially produced. The "calcined" 
material is then formed into the ceramic body of 
desired shape by standard ceramic processing 

25 techniques such as hot or cold pressing, extrusion, 
slipcasting, or other such technique appropriate to 
the geometry of the desired (green) body. 

The material in final form is fired at a tempera- 
ture sufficiently high to complete chemical reaction 

30 of components ("reactive sintering") if not accom- 
plished previously and for densification. This 
"sintering" is conducted so as to reduce voids to 
the point where the density of the ceramic body is 
sufficient to allow obtaining favorable electrical and 

35 mechanical properties. Material fired in air may 
have acceptable superconducting properties. 

While the description above is important for 
many purposes, material preparation may take oth- 
er forms. An alternative is preparation of thin films 

40 for Josephson junction and other devices. Workers 
in the field know of many film-forming procedures, 
e.g., magnetron sputtering, diode sputtering, reac- 
tive ion sputtering, ion-beam sputtering and other 
thin film deposition techniques including evapora- 

46 tion. "Conductor" structures may take on the form 
of continuous strands, however produced. Initial 
formation may utilize techniques as applied to oth- 
er brittle glass-like material. In this approach, the 
structure reverts to one that is crystalline before 

50 attainment of superconductivity. One technique, 
which has also been applied to other brittle super- 
conductors, entails extrusion within a protective 
sheathing of copper or other ductile material. 

Since the material is oxidic another approach 

65 may entail formation of any alloy of the designated 
metals, followed by oxidation. 

Materials according to the invention are ex- 
pected to be useful in most applications suitable 
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for prior art superconductors and, due to their 
relatively high ductility and other advantageous 
properties, also in some applications for which the 
prior art high T c superconductors are not well suit- 
ed. Exemplary of likely applications are FIGS. 5-10. 

In FIG. 5, the structure shown is described in 
G. Bogner, "Large Scale Applications of Supercon- 
ductivity", in Superconductor Application: SQUIDS 
and MACHINES , B. B. Schwartz and S. Foner, eds. 
(Plenum Press, New York, 1977). Briefly, the struc- 
ture depicted consists of an outer sheathing 31, 
thermal insulation layers 32a and 32b, evacuated 
annular regions 33a and 33b, spacers 34, nitrogen- 
filled annular region 35, heat shield 36, and coolant 
regions 37a and 37b (it is a feature of the inventive 
structure that coolant may consist of liquid nitrogen 
in contradistinction with the liquid helium or hy- 
drogen required of earlier structures). Element 38 
is a superconductor material in accordance with the 
invention. FIG. 6 shows an annular cryostat 41 
filled with liquid nitrogen and containing turns 42 of 
a material herein. Terminal leads 43 and 44 are 
shewn emerging from the coil. The magnetic test 
structure of FIG. 7 is described in R. A. Hein and 
D. U. Gubser, "Applications in the United States", 
in Superconductor Materials Science: Metallurgy, 
Fabrication, and Applications , S. Foner and B. B. 
Schwartz, ed~ (Plenum Press, New York, 1981). 
The superconducting element shown as windings 
51 are made of a material herein. The structure is 
considered exemplary of those expected to find 
broad- scale use for containment of fusion reaction. 

FIG. 8 schematically depicts a Josephson junc- 
tion device. The structure consists of two super- 
conducting layers 61 and 62 separated by a tunnel- 
ing barrier 63. Use of material of the invention (not 
necessarily identical) for 61 and 64 permits usual 
Josephson action at higher temperatures than pre- 
viously permitted. Josephson junction devices are 
described in M. R. Beasley and C. J. Kircher 
"Josephson Junction Electronics: Materials Issues 
and Fabrication Techniques", ibid. 

FIG. 9 is a perspective view of a section of 
superconducting stripline. Structures of the type 
depicted usefully serve as interconnections (rather 
than many-kilometer long distance transmission). It 
is structures of this type that are expected to 
permit operation at significantly increased speed of 
present commercial apparatus. The structure, 
which is depicted in J. Appl. Phys., Vol. 49, No. 1, 
page 308, January 1978, consists of superconduc- 
ting strip 80 insulated from superconducting groun- 
dplane 81 by dielectric layer 82. Considerations 
entailed in dimensioning the structure depend upon 
intended use and are generally described in the J. 
Appl, Phys. reference. ~~ 

FIG. 10 schematically depicts a superconduc- 
tive magnet 100 comprising clad superconductive 



wire according to the invention 101 wound on man- 
drel 102. 



s EXAMPLES 



Example 1: 

70 

Commercially obtained powders of B12O3, Sr- 
(N03) 2 , Ca(NOa)2 • 4H 2 0. and CuO were mixed in 
molar ration 1.1:2:0.8:2, the resulting mixture was 
heated in air in an alumina crucible to 500* C, then 

75 slowly to 840* C, and maintained at that tempera- 
ture for about 12 hours. The thus calcined material 
was cooled in air, ground by conventional means, 
pressed into pellet form (also by conventional 
means), and the pellets heated in air to 860 'C. 

20 maintained at that temperature for 5 hours, and 
cooled to room temperature in air. The thus pro- 
duced sintered material had T c <R*=0) of 84K and 
70% relative diamagnetism at 42K (compared to 
Pb). The material had nominal composition 

25 Bi 2i2 Sr2Cao.8Cu208, and crystallites of the material 
showed a superlattice, with repeat distance of 
about 4.76b. 



30 Example 2: 

Material is prepared substantially as in Exam- 
ple 1, except that the molar ratio was 1.1:3.9:1:3. 
The resulting material has nominal composition 
35 corresponding to n = 4 in the general formula. 

Example 3: 

40 A single crystal of nominal composition as de- 

scribed in Example 1 (grown from molten Na-CI 
flux at 850 *C) had a T c of 84K and a superlattice 
spacing of 4.76b. 

45 

Example 4: 

A single crystal, prepared as described in Ex- 
ample 3, showed a few % superconductivity above 

so 100K, with the remainder superconductivity at 84K. 
This crystal showed a 6.25b supercell. in addition 
to the 4.76b superlattice. We believe that the high- 
er T c portion of the sample is associated with the 
longer superlattice, and believe that the association 

55 between higher T c and longer superlattice spacing 
is a general one. 
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Example 5: 

A pellet of nominal composition 
Bi 1 . 6 Pb4Sr 1 ^Ca 1 .5Cu 2 O x {x-8) was produced sub- 
stantially as described in Example 1, except that 
commercially obtained PbO powder was mixed 
with the previously mentioned powders in 
stoichiometric ratio, and in that the pellet was main- 
tained at 860 *C in air for 42 hours. The resistivity 
of the pellet as a function of temperature is shown 
in FIG. 11, and the magnetization in FIG. 12. The 
pellet consists substantially of a chemical com- 
pound of structure as shown in FIG. 3. Tne large 
amount of diamagnetism (with onset at about 108K) 
observed in the sample indicates that the active 
chemical compound has the basic structure shown 
in FIG. 3, with the Pb-substitution believed to favor 
the formation of the "108K" phase. 



3. The article of claim 1 or 2, wherein X is Bi 
and Pb, M is Sr and Ca, the Pb/Bi ratio is at most 
0.5, and the Sr/Ca ratio is between 0.5 and 2. 

4. The article of claim 3, wherein the Pb/Bi 
5 ratio is at least 0.2, and the Sr/Ca ratio is between 

0.75 and 1 .25. 

5. The article of any of claims 1 -4 wherein n < 
6 and x is less than 0.4. 

6. The article of any of claims 1-5, wherein the 
w superconductive element is subjected during man- 
ufacture or use of the article to deformation such 
that at least a portion of the element undergoes a 
strain in excess of 0.25%. 

7. The article of any of claims 1-6, wherein the 
75 superconductive element comprises a supercon- 
ductive wire or tape. 



Example 6: 

A pellet of nominal composition 
Bii^PbeSr^gCaLsC^Ox (x~8) was produced sub- 
stantially as described in Example 5. The resistivity 25 
and magnetization were substantiaJly as shown in 
FIGS. 11 and 12, respectively. The structure was 
substantially as in the material of Example 5. 



Example 7: 

A pellet was produced substantially as de- 
scribed in Example 5 except that the Sr/Ca ratio 
was 2. The material has the basic structure in- 3s 
dicated in FIG. 3, and has a temperature T c > 77K. 



Claims 

40 

1. An article of manufacture comprising a 
superconductive element that comprises an effec- 
tive amount of copper oxide material nominally 
having a perovskite-type structure and manifesting 
superconductivity at a temperature of at least 77K; 45 
CHARACTERIZED IN THAT the material has nomi- 
nal composition X 2+y M 3 . y Cu20e±6 or X 2+x M n . x Cu„. 
i02 +2n+)tf 2±6, where X is Bi, or Bi and one or more 

of Pb, In, Ga, Sn, Cd, and Sb; M is selected from 
the divalent ions and combinations of monovalent so 
and trivalent ions selected such that the average 
valence of M is substantially equal to 2; n is an 
integer >3; O < y s 0,3; x is p/q, where p and q are 
integers, with p < q; and O < 6 < 0.5. 

2. The article of claim 1, wherein X is Bi and 55 
Pb, and M is selected from Ca, Sr, Ba, Mg, Cd, Na, 

K, La, and/or Y. 
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